Summary. The aim of this study was to assess the effect of simvastatin on plasma lipoproteins and renal function in hypercholesterolaemic Type I (insulin-dependent) diabetic patients with diabetic nephropathy. Twenty-six hypercholesterolaemic (total cholesterol > 5.5 mmol/1) Type I diabetic patients with nephropathy were enrolled in a double-blind randomized placebo-controlled study for 12 weeks. The active treatment group (n = 14) received simvastatin (10-20 mg/day) for 12 weeks while the remaining 12 patients received treatment with placebo. The results during simvastatin treatment (baseline vs 12 weeks): total cholesterol 6.6 vs 4.8 mmol/1 (p < 0.01), LDL-cholesterol 4.25 vs 2.57mmol/1 (p <0.01) and apolipoproteinB 1.37 vs 1.06 mmol/1 (p < 0.01). HDL-cholesterot, and apolipoprotein A-I remained unchanged. Total cholesterol, LDL-cholesterol, HDL-cholesterol, apolipoprotein A-I, apolipoproteinB remained unchanged during placebo treatment. Albuminuria measured during the simvastatin and the placebo treatment (baseline vs 12 weeks) (the data are logarithmically transformed before analysis because of their positively skewed transformation; geometric mean ( x / + antilog SE) is indicated) was 458 ( x / + 1.58) vs 393 ( x / + 1.61) and 481 ( x / + 1.62) vs 368 ( x / + 1.78 gg/min (NS). Glomerular filtration rate during simvastatin and placebo treatment (baseline vs 12 weeks) was 64 vs 63 and 72 vs 74 ml. min-~-1.73 m-2, respectively. Two patients receiving simvastatin treatment were withdrawn, one due to gastrointestinal side effects and one due to myalgia. In conclusion, our short-term study in Type 1 diabetic patients with diabetic nephropathy did not reveal any beneficial effect on albuminuria despite a striking lipid-lowering effect of simvastatin in diabetic nephropathy.
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About 40 % of all Type 1 (insulin-dependent) diabetic patients develop diabetic nephropathy, This complication is characterized by persistent albuminuria ( > 300 mg/24 h), reduction in glomerular filtration rate and increase in blood pressure [1] .
Increased mortality and morbidity in the Type 1 diabetic patients is mahlly due to the development of diabetic nephropathy. Borch-Johnsen et al. [2] have shown that the relative cardiovascular mortality in younger Type 1 diabetic patients with nephropathy is 50-200 times higher than in the non-diabetic background population. Hyperlipidaemia is a well-known risk factor for developing cardiovascular diseases. Hyperlipidaemia is more common in Type 1 diabetic patients and especially frequent in diabetic patients with nephropathy compared with the background population [3] . Thus, hyperlipidaemia might be regarded as a consequence of chronic nephropathy. However, other studies suggest that hyperlipidaemia may also contribute to the development and progression of kidney diseases including diabetic nephropathy [4] [5] [6] [7] . The initial event in the proposed pathogenesis of lipid-induced chronic progressive renal disease is a glomerular basement membrane injury leading to increased permeability and proteinuria [4] . A preliminary uncontrolled study has suggested that lipid lowering therapy with simvastatin (a 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor) induced a significant reduction in albuminuria in patients with nephrotic syndrome of different origin [8] .
To evaluate the influence of hyperlipidaemia on albuminuria in diabetic nephropathy we performed a 12-week double-blind randomised placebo-controlled study with simvastatin in hypercholesterolaemic Type I diabetic patients with nephropathy.
Subjects and methods
We examined the records of all ]}¢~e i diabetic patients (n = 156) with persistent albuminuria greater than 300 mJ24 h, who attended the outpatient clinic at Hvid0re hospital during 1990. All Type 1 diabetic patients who fulfilled the following inclusion criteria were Mean (SD); ACE, magiotensin converting enzyme invited to participate in the study: diabetic nephropathy according to established criteria (i. e. persistent proteinuria, diabetic retinopathy, diabetes of more than 10-years duration, and no clinical or laboratory evidence of kidney or renal tract disease other than diabetic glomerulosclerosis) [9] , total cholesterol _> 5.5 mmol/1, age 18-50years and serum creatinine <200 gmol/1. Total cholesterol < 5.5 mmol/1 (n = 62), age (n = 10), kidney transplantation [n = 7] and serum creatinine _> 200 gmol/1 (n = 10) or enrollment in other studies (n = 33), excluded 122 patients t~om the study. Eight eligible patients did not wish to participate in the study. The remaining 26 patients whose clinical data are shown in Table 1 , were enrolled in the trial after being given verbal and written information. The study was approved by the local Ethical Committee of the county of Copenhagen. All patients had been insulin-dependent from the time of diagnosis and were receiving at least two daily injections of insulin. All patients received their usual antihypertensive treatment during the total study period and the dosages were unchanged (Table 1) . Apart from the antihypertensive drugs and insulin, none of the patients were taking any other drugs. All the patients who had total cholesterol greater than 5.5 mmol/1 were given dietary advice for a diet of 50% carbohydrate, 15% protein and 35% fat with no sodium restriction. Total cholesteroI was remeasured 6 weeks later. All 26 patients still had total cholesterol values over 5.5 mmol/1 and no changes were observed in glycaemic control and in body weight. During the following 3 weeks baseline measurements were performed. Patients were excluded from the study if baseline total cholesterol values dropped below 5 retool/1. The patients were allocated to either simvastatin treatment 10 mg per day or placebo treatment in a double-blind study. The patients' total cholesterol was evaluated at 6 weeks in order to titrate the dosages of simvastatin or placebo. The dosage of simvastatin was increased to 20 mg (two tablets) or two tablets in the case of placebo if the total cholesterol increased to 5.2 mmol/1 or more.
Venous blood samples were collected after an overnight fast. Total cholesterol was measured enzymatically using CHOD-PAP (cholesterol esterase, cholesterol oxidase and paraminophenazon) reagent from Boehringer Mannheim GmbH (Mannheim, FRG). HDL-cholesterol was measured after precipitation of other lipoproteins with phosphotungstic acid [10] . LDL-cholesterol was calculated using Friedewald's formula [11] . Apolipoprotein A-I and apolipoprotein B were measured by end-point turbidimetry, with commercially available antisera and standards from Hoffmann-La Roche Ltd. (Basel, Switzerland). Lipoprotein (a) (Lp(a)) was determined with reagents from Pharmacia (Uppsala, Sweden). The principle is two-site immunoradiometric assay (2-site IRMA) with two different monoclonal antibodies.
Haemoglobin, differential count, platelets, alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase, creatinine kinase, bilirubin, serum albumin, sodium, potassium and E. Hommel et al.: Plasma lipoproteins and renal function serum creatinine were measured on each patient by conventional laboratory techniques.
Blood glucose was measured hourly during the 4-h SlCr-EDTA clearance period by a hexokinase method [12] . Haemoglobin AI0 (HbAlc) was determined by Diamat analyser (Bio-Rad, Richmond, Calif., USA) [13] . Normal range of HbAlc was 4.1-6.1% of total Hb.
Renal function was measured at baseline, and at 12 weeks i. v. injection of 3.7 MBq SZCr-EDTA (08.30 hours) by studying the disappearance from plasma for 4 h. Venous blood samples were drawn at 180, 200, 220 and 240 min after injection [14] . The patients rested supine during the entire investigation period except while voiding urine; 200 mI of tap water was given per hour during the clearance period. Urinary albumin excretion was measured by radioimmunoassay [15] during the 4-h SICr-EDTA clearance period and in two 24-h urine samples which were collected at baseline and after 12 weeks. The two latter samples were analysed for urea concentration by conventional technique. Protein intake was calculated from the nitrogen content of the urea and an estimated value of non-urea nitrogen of 31 mg-kg-1 day-a [16] . Assuming a constant nitrogen balance, nitrogen intake = nitrogen content of urea plus non-urea nitrogen; protein intake (g/day) = nitrogen intake x 6.25 [17] . Sterility of urine was estimated by quantitative culturing.
Arterial blood pressure was measured by an automated, electronic device (Takeda Medical UA-750, Tokyo, Japan) [18] on the right arm with an appropriately sized cuff (25 x 12 cm) after at least 10-min rest in the supine position. Two readings were taken at the start and the end of the clearance period. Furthermore, two readings were performed when the patients visited the outpatient clinic at 6 weeks at 08.30 hours.
Statistical analysis
Results are expressed as means and standard deviation (SD). Urinary albumin excretion and Lp(a) were logarithmically transformed before analysis because of their positively skewed distribution; the geometric mean ( x / + antilog SE) is indicated. We estimated the changes in urinary albumin excretion, total cholesterol, LDL-cholesterol, apotipoprotein B and glomerular filtration rate. We estimated the reIative change in albuminuria by calculating the ratio between the geometric means. Wilcoxon's non-parametric test for paired comparison and analysis of variance in between the groups were performed. A p value less than 0.05 (two-tailed) was considered significant. All calculations were made with a commercially available program (Statgraphic, STSC, Rockville, Md., USA).
Results
The simvastatin-treated group received an average daily dosage of 10 mg and 12.5 mg after 6 and at 12 weeks, respectively.
Two patients, both receiving simvastatin were withdrawn, one due to gastrointestinal symptoms and one due to myalgia. The plasma creatinine kinase in the patient with myalgia was within normal range (50-270 U/l). Three patients were removed from the study since the baseline total cholesterol values had dropped below 5 mmol/1, all three patients belonged to the placebotreated group.
The plasma concentrations of total cholesterol, LDLcholesterol and apolipoprotein B were significantly reduced in the simvastatin-treated group during the 12 weeks treatment (p < 0.01) ( Table 2) . No changes were observed in the placebo-treated group (Table 2) . Significant differences (p <0.01) in mean changes were observed from baseline to 12 weeks between the simvas- (Table 2) . Urinary albumin excretion, glomerular filtration rate, and arterial blood pressure were about the same in the simvastatin-treated group and in the placebo-treated group (Table 3) . HbA~c and blood glucose were comparable in both groups after 12weeks treatment (Table 3) .
There was no difference at baseline or at 12 weeks in protein intake calculated from urea excretion between the simvastatin-treated group and the placebo-treated group (baseline vs 12 weeks) simvastatin-treated group 74 + 17 g/day vs 78 + 17 and placebo-treated group 67 + 21 vs 66 +_ 26 g/day.
Plasma concentrations of alkaline phosphatase, creatinine kinase, aspartate aminotransferase, alanine aminotransferase, bilirubin, albumin, Hb, differential counts, platelets, sodium, potassium, and creatinine were comparable in the two groups.
Discussion
Our double-blind placebo-controlled study has shown that albuminuria, arterial blood pressure and glomerular filtration rate remain about the same during 12 weeks' treatment with simvastatin in hypercholesterolaemic, Type i diabetic patients with nephropathy. A significant reduction in total cholesterol, LDL-cholesterol and apolipoprotein B was induced by simvastatin treatment. The two groups were comparable at baseline evaluation. A confounding influence of arterial blood pressure, antihypertensive treatment, dietary protein intake and metabolic control on albuminuria and glomerular filtration rate can be excluded since these variables remained almost unchanged during the study.
In 1982, Moorhead et al. [4] advocated the concept that chronic progressive kidney disease may be mediated by abnormalities of the lipid metabolism. Numerous studies in different animal models [6, 19, 20] support this hypothesis. Furthermore, diet-induced hypercholesterolaemia increases glomerular capillary hydraulic pressure and albuminuria and accelerates the course of mesangial expansion and focal glomerulosclerosis in rats with normal or reduced renal mass or in rats suffering from chronic aminonucleoside nephrosis [6, 21] . Converseb; lowering the levels of plasma tipids with lovastatin or clofibric acid reduces the transglomerular capillary hydraulic pressure difference, albuminuria and the rate of progression of renal disease in the above-mentioned animal models [20, 22] . The beneficial effect on albuminuria (50-90 % decrease) could be demonstrated after treatment for 4 weeks with no further improvement shown by prolonging the treatment period [20] .
A link between glomerular hypertension and albuminuria and the development and progression of diabetic glomerulopathy has been suggested by Hostetter et al. [23] and strongly supported by numerous investigations as reviewed by Parving et al. [24] .
The presence of normal glomerular hydraulic pressure has been suggested as a likely explanation for the protection against development of albuminuria and focal glomerularsclerosis in the hyperlipidaemic analbuminaemic rat [25] . In contrast to the extensive information on lipid nephrotoxicity in experimental animals, data in human renal disease is scanty. Rabelink et al. [8] reported in a uncontrolled study that simvastatin (40 mg/day) substantially reduces hyperlipidaemia and albuminuria with no changes in serum creatinine in seven patients suffering from nephrotic syndrome due to different nondiabetic glomerulopathies. The reduction in albuminuria was present in five of seven and six of seven of these pa- Values are given as mean (SD); Albuminuria is given as geometric mean ( x / + antilog SE); a Albuminuria measured during the renal clearance procedure tients after 6 and 48 weeks of treatment, respectively. Sasaki et al. [26] also applied an uncontrolled design to evaluate the effect of pravastatin on proteinuria in seven hypercholesterolaemic Type2 diabetic patients with micro-and macroalbuminuria. Proteinuria was significantly reduced in all seven patients (average 60 %) after treatment for 4 weeks, and no further reduction in proteinuria was observed after 12 weeks of pravastatin treatment. In contrast, Deslypere et al. [27] observed proteinuria (mean 0,5 g/l) on one or more occasions in 10 out of 120 (8 %) hypercholesterolaemic patients treated with simvastatin. The proteinuric patients were treated with 40 mg/day. Four patients had persistent albuminuria (mean 0.25 g/l) and six patients had only intermittent albuminuria. Our short-term study (12 weeks) did not reveal any beneficial effect on albuminuria despite a striking lipid-lowering effect of simvastatin in diabetic nephropathy. The above-mentioned studies do not suggest that the lack of effect on albuminuria is due to the length of our treatment period. Furthermore, albuminuria can be reduced in incipient and overt diabetic nephropathy by treatment lasting only a few days or weeks e. g, antihypertensive drugs, low protein diet and nonsteroidal anti-inflammatory drugs [28] [29] [30] [31] [32] . Our study underscores the necessity of having a matched untreated parallel control group, since we found a spontaneous reduction in albuminuria of 17-19 %. Recently, Mulec et al. [5] have reported a significant correlation between serum cholesterol concentration and the rate of decline in glomerular filtration rate in Type i diabetic patients suffering from diabetic nephropathy. The preliminary result from this ongoing observational study suggests that it might be worth while to conduct a long-term (several years) randomised treatment trial in hyperlipidaemic patients with diabetic nephropathy using rates of progression of renal function and structure lesions as end-points. We found that total cholesterol, LDL-cholesterol and apotipoprotein B significantly reduced during 12 weeks treatment with simvastatin in hypercholesterolaemic Type i diabetic patients with nephropathy. The findings are in accordance with studies performed in hyperlipidaemic patients with nephrotic syndrome [8] and in Type 2 (non-insulin-dependent) diabetic patients [33] where simvastatin reduced total cholesterolwith 36-37 % and decreased LDL-cholesterot with 28-39%. The decrease in total cholesterol and LDL-cholesterot during simvastatin treatment is due to inhibition of 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA reductase), the rate-controlling enzyme in cholesterol synthesis and due to increase in the synthesis of hepatic LDL-receptors. HDL-cholesterol has previously been reported to either increase during lovastatin treatment in hypercholesterolaemic patients, or be unchanged in hypercholesterolaemia in Type 2 diabetic patients [33] , but we did not observe any change in HDL-cholesterol or in apolipoprotein A-I.
In conclusion, the possible importance of hyperlipidaemia in the initiation and progression of human renal disease still remains to be established. The major end-point for further long-term prospective studies of lipid-lowering treatment in glomerulopathies should be glomerular filtration rate, determined by an isotope or inulin method, and quantitative evaluation of structural lesions.
